This research investigates students' peer interactions in the Design and Technology (D&T) environment supported by Knowledge Forum. The sample comprised of 15 students who had no prior experience in using Knowledge Forum to mediate their D&T learning. Their interaction with peers occurred in three stages: design situation, ideation and development. Data was collected mainly from students' online discussion transcripts, with reference to hardcopy of students' reflection logs and design briefs which were analysed quantitatively and qualitatively. The findings showed unequal participation by the students throughout their weekly online discussion activities. In terms of students' interaction with their peers, the frequency of students' reading of notes far exceeded their frequency of building upon notes, as evidenced by their social network of notes.
Introduction
Participation and interaction are key learning processes in a technology-mediated environment. An initial study conducted on 15 Design and Technology (D&T) students' group participation had revealed some preliminary findings in terms of different participation rates and that one group out of the three (each group comprises of five members based on cooperative learning classroom practices) showed a relatively high level of in-depth information processing in design stages (Yeo & Quek, 2008) . The difference in group participation further prompted the researchers to investigate how these students interact with their peers in this technology-mediated environment which is the focus of current study. Numerous research studies have highlighted how technology, in particular, asynchronous online technology, is deployed in different cultural contexts to support learner participation and interaction in teaching and learning (Vonderwell, Liang & Alderman, 2007; Cain & Pitre, 2008; Offir, Lev & Bezalel, 2008; Quiroz, 2008) . Some of the advantages of using asynchronous online technology to support learners' interaction with peers include gaining of time, space and the permanence of contents as compared to face to face interaction which is restricted by time and physical space constraints (Jonassen & Kwon, 2001; Ng & Cheung, 2007; Quiroz, 2008) .
Participation is a self-initiated act by an individual in an organised activity occurring within the learning environment. Examples of activities include forum discussion, role play and exchanging views and experiences (Hew & Cheung, 2008; Hrastinski, 2008) . Participation is active learning that helps learners acquire general subject mastery and achieve deep understanding of subject matter through their sharing and evaluating of ideas (Black, 2005) . Active participation in discussion forums is dependent on the learners' engagement, commitment and contributions in a group, which in turn also influences the learners' behaviours (Ng & Cheung, 2007; Song & Hill, 2007; Hrastinski, 2009) . From the instructors' perspective, participation is observed by the participants' contributing of ideas, asking of questions and sharing of resources. From the learners' perspective, participation is observed from the learners' level of engagement, motivation and interest. Participation reveals the affective aspect that speaks about the learners' confidence, feeling of being accepted by peers and having a sense of belonging in the community, which in turn provides support to the participants.
According to the social learning theory of Bandura (1977) , learning from each other creates a social context which in turn brings about interaction amongst the individuals. Interaction is a communication process between a participant and other participants, in either a face to face or online environment. The inquiry-response-evaluation (IRE) cycle or IRE participant framework is one example of a typical face to face classroom interaction, with a minimum amount of student talk residing primarily at the knowledge level of Bloom's taxonomy (Mercer, 1995) . On the contrary, interaction has been found to have direct influences on learners' development of deep understanding in discussion forums. Examples of learning activities taking place in forum discussions include problem solving (Baghaei, Mitrovic & Irwin, 2007) , sharing of opinions among peers and instructors (Wu & Hiltz, 2004) , and facilitation of participants' sharing of information and ideas. The group learning goals are accomplished because there is distribution of expertise among group members (Lipponen, Rahikainen, Lallimo & Hakkarainen, 2003) , mutual support for each other in co-construction of knowledge through meaningful discourse (Gilbert & Dabbagh, 2005; Hull & Saxon, 2009) , and the participants express their knowledge construction process explicitly, thereby helping learners to become aware of that process (Brown & Campione, 1996) .
Cognitive and social interactions occur in communications amongst learners. According to Vygotsky (1978) , social interaction plays a fundamental role in the development of cognition, whereby participants learn from each other's sharing of knowledge, skills and experiences. Cognitive interaction refers to a process of shared meaning construction in collaborative activity mediated through designed artefacts (Koschmann, 2002) . The artefacts are considered as knowledge objects or ideas which are improved by the collective cognitive responsibility of the learners in the community, through activities such as gathering information from multiple sources and debating about the ideas in discourse (Lamon, Reeve & Scardamalia, 2001; Scardamalia, 2002) . For example, meaning-making is an interaction outcome that is not attributable to individual utterances of individual students, but depends on references made to the shared encounters (Stahl, 2006) .
In forum discussions, interaction involves exchanges between learners either by reading or building on each other's notes. Interaction among learners brings about the intention of value adding to individual learning outcomes (Gerber, Grund & Grote, 2008) and group performance in the context of co-construction of knowledge (Lipponen, Rahikainen, Lallimo & Hakkarainen, 2001 ). The exchanges of ideas among learners foster social construction of knowledge, which is key to achieving quality learning (Lave & Wenger, 1991; Stacey & Rice, 2002; Schrire, 2006) . Effective online interaction often involves a structured approach skilfully designed with a small group of learners (about five to six) who work towards group goals (Graham 2002; Zhang & Peck, 2003; Rose, 2004; Lapadat, 2007; McCrory, Putnam & Jansen, 2008) . In this study, the research questions were:
1. To what extent do students participate in a computer-mediated D&T learning environment? 2. How do students and peers interact in the design process of a computer-mediated D&T learning environment?
Methodology Sample
The sample consisted of a class of 15 D&T students (aged 15) from a high school. The class comprised six girls and nine boys who were of slightly above average ability. All of them had access to computers at home. Computers in the school's laboratories were also made available for them to use both during and after school hours. They had no prior experience in asynchronous online discussion and were participating in it for the first time. The online forum discussions took place for seven weeks in this computermediated D&T learning environment. For this study, online discussion took place at stages of situation, ideation and development. The asynchronous online discussion tool, Knowledge Forum (KF), was chosen on the basis of its potential support for the students' collaborative learning, co-construction of ideas and idea improvement, based on literature reviewed for this study. For example, in such a learning environment, D&T students assume active roles in their participation and interactions with peers through the use of teacher-facilitator's selected, customised and built in scaffolds in their forum discussions (for example, 'My generalisation', 'My D&T ideas') for online learning.
Procedure
The students worked in three groups of five for all the D &T activities. They were assigned to the groups randomly. Teacher demonstrations and a hands on session were provided for students to learn to use KF. They were provided with a simple discussion topic for the purpose of encouraging social communication among themselves. They were also instructed to read the note entitled "Ground rules" to make them aware of the teacher's expectation of them. For example, they would be expected to participate actively in the discussions and post messages that are related to the discussion topics. A blended approach was adopted in this study. Face to face discussions took place among the members in each group and online discussions involved every participant in the class. Face to face discussions focused on decision making, while the online discussions focused upon idea improvements. The activities were structured and the students were led through the problem solving or design process by the teacher who played the role of facilitator. The stages in the design process are situation, ideation, development and realisation. For this study, we chose to focus on three stages only.
At the situation stage, students were given an ill-defined real world design situation with a design problem embedded in it. Discussion at this stage was focused on identifying the problem and having a better understanding of the design task and its context. Student tasks included identifying design problem and user needs, considering design factors that might affect the design problem, and collecting any other relevant research data. All of these were posted onto the forum for discussion among all participants to discuss and interact with their peers.
At the ideation stage, every student generated possible solutions to the design task and contributed these to the forum in the form of design ideas. These ideas were evaluated through discussion, interaction and critique by peers in the online environment. Refinements and improvements were progressively made to the ideas. Next, members in each group met face to face to select a final design idea for their group to work on.
At the development stage, the chosen design idea was developed, by all necessary details needed for fabricating the idea being considered and posted to the forum for evaluation by all participants. The members in each group then discussed face to face the selection of the final development details for the making of the product. At the realisation stage, students in each group made their products in the technical workshop.
No online discussion was needed at this stage. At the end of these design stages, students were encouraged to reflect on their learning using a "3-2-1 strategy". That is, three things you learnt, two things you found useful and one thing that you have a problem with. The students' online discussion activities are summarised in Table 1 . The goal of online discussion was for design ideas to be represented in the form of notes or online messages that require students to inquire and suggest improvements via student interactions in KF. 
Data collection and analysis
Students' data was collected from their online scripts in KF, their documented reflection logs and their design brief, during March-August 2007. In KF, all the students' online participation and interaction in the discussion forum was analysed quantitatively by means of the data generated by the Analytic Toolkit in KF. To elaborate, Analytic Toolkit is a built-in statistical tool that provides a summary of statistics on the notes posted, read, keywords used, interactions and timing of activities of participants involved. Students' individual reflection logs documented their feelings, thoughts, learning encounters -be it difficulties or successes experiencedat each stage. Students' design briefs consisted of their justification of design ideas and decision making for their design.
For this case study, we decided to use three sources of data to investigate students' participation and interaction with their peers in D&T learning. Our chosen working definition of student participation here refers to the number of student-posted messages in the stages of the design process in the discussion forum while Interaction here refers to the number of messages read and built on by each of the students in this D&T computer-mediated learning environment.
Findings and discussion

Research question 1: To what extent do students participate in the computer-mediated D&T learning environment?
The weekly and total participation from each student is tabulated as shown in Table 2 . Participation was based on the number of postings made to the discussion forum by each student (names are pseudonyms). There were 7 discussion weeks altogether, being Weeks 1, 3, 4, 5, 19, 20 and 23. There was no participation in all the other weeks due to term tests, semester examinations and term breaks. The graphical representations of the students' weekly and total participation are shown in Figures 1  and 2 respectively. In terms of weekly contribution, there is obvious participation inequality in the students. With the exception of Leow who contributed every week, all the other students were not consistent in their weekly participation. The total weekly participation from all the students shows that contributions started moderately at week 1 with 15 (10.9%) postings. Contributions then increased and peaked at week 4 with 38 (27.8%) postings before sliding down to 5 (3.7%) postings at week 19. Contributions picked up again from here and it reached its second peak of 25 (18.3%) postings at week 23 which was the last week of discussion. The students could be new to the learning environment at week 1 and were hesitant about posting messages to the forum. As they accustomed themselves with the online discussion, message contributions started to pick up and reached a maximum at week 4.
Students began to participate but the frequency slowed down at week 5 as school examinations and semester holidays approached from week 6 to week 18. Participation at week 19 was sluggish after this long break. It picked up again from here and reached another high level at week 23. Students could be rushing to complete the discussion before the final deadline at week 23.
Research question 2: How do students and peers interact in the design process of computer-mediated D&T learning environment?
Student-student interactions based on notes read and built on are tabulated as shown in Table 3 and Table 4 respectively. Representations of the data in Tables 3 and 4 in the form of social networks are shown in Figures 3 and 4 respectively. Total  6 18  14  32  38  12  13  2  11  85  1  30  40  21 61 384 The numbers in the tables represent the frequency of notes written by the students in the first row that are read or built on by the students in the first column. In Table 3 , for example, the first student in the first column named Mz has read Mk's notes twice, Gan's notes once, Akmal's notes twice, and so on. Interpreted similarly in Table 4 , the student Mz has not built on any other students' notes whereas student Mk has built on Low's notes once.
The large difference between frequency of notes read and notes built on is most apparent from Tables 3 and 4 and Figures 3 and 4 . In total, the students have read 384 notes but have built on only 43 notes. The students could have found reading notes to be simpler and more convenient than writing notes. The total of 137 messages contributed by students were read 384 times. This could imply that each message posting was read 2.8 times. Also, out of the total of 137 messages contributed by students, 43 (31%) of them were built on message postings. Again, this could have the implication that for every three notes contributed, one of them was a built on note.
In Table 3 , with the exception of Aiman, Sarah and Wong who did not read any note, all the others have read notes written by other students. The student named Mk has read notes the least number of times (5 times) and Leow has read notes the most number of times (89 times). The last row of the table shows that all the students' notes have been read at least once. Notes written by Wong and Sarah were least read by others. Notes written by Wong were read only once whereas the only note written by Sarah was read twice. Notes written by Leow were read 85 times by others, and this is the highest number of all the students. As far as reading notes is concerned, Leow was the most active and she could have gained the most from the reading activity. Her notes were also most read, totalling 85 times. Table 4 shows that five of the students did not build on to any of the notes written by others. These five students were Mz, Aiman, Sarah, Nurul and Wong. Students Chen and Leow built on the most number of notes. Each of them built on 12 notes which was the highest number of all. In fact, the total built on notes by just these two students accounted for over 50% of the total built on notes. Most of the interaction was dependent on these two students. Six of the students' notes were not built on by others as shown in the last row of the table. These students were Mz, Leong, Akmal, Aiman, Sarah and Wong. Notes written by Gan and Leow were built on most number of times by others. Student Gan has his notes built on 9 times while Leow has her notes built on 7 times by others. As far as building on of notes is concerned, there is considered to be a lack of interaction among the students.
A point about social networks to be highlighted in this study is that of network density. The social networks in Figures 3 and 4 show the connections among the students in terms of reading of notes and building on notes respectively. Each line in the networks represents a connection between two students. In Figure 3 , for example, there is a connection between Leow and Wong with the arrow pointing towards Wong. This indicates that Leow has read Wong's notes. Similarly in Figure 4 , there is a connection between Heng and Han with the arrow pointing towards Han. This indicates that Heng has built on Han's notes. Network density is the ratio of actual number of connections to the total possible number of connections, which is also an indication of the volume of connections in the networks.
Leow has built on others' notes 12 times.
Chen has also built on others' notes 12 times.
Gan's notes have been built on 9 times by others.
The total possible number of connections in a network with 15 students is 105. For the social network of notes read in Figure 3 , the actual number of connections is 66. The density is therefore 0.63 or 63%. For the social network of notes built on in Figure 4 , the actual number of connections is 22. The density is therefore 0.21 or 21%. The density of 63% for the network of notes read is considered high (Lipponen et al., 2003) . This is an indication of high interaction among the students in reading of each other's notes. On the other hand, the density of 21% for the network of notes built on shows that it is a sparse network. There is certainly a lack of interaction among the students as far as building on each other's notes is concerned.
Conclusion
This study has explored 15 D&T student peers' interactions in a computer-mediated environment. From a contextual real world design situation given at the beginning of the activities, the students have worked through stages of situation, ideation and development of the design process to arrive at solutions to a design problem identified in the situation. The study has been designed such that online discussion involved participation from all 15 participants. The goal was to have the diverse perspectives of the participants resulting in effective interactions among peers that would in turn lead to improvement of design ideas.
Two aspects of 15 students' participation were investigated as one community in this study. In terms of these students' participation based on message contribution, there were a total of 137 message postings. In terms of participation based on equality, there was a considerable difference between the most active and least active participants in their quantity of postings. Even though no lurkers were present, more than half of the number of students contributed less than 10 postings in all the forum discussion. From their reflection logs, it was revealed that these students might have thought that others who were active in their participation could do all the work and so they had left the responsibility entirely to them. This could also be a problem resulting from too big an online discussion group of 15 participants. There could be a lack of accountability in the students due to such a big group. Inequality in participation could lead to low productivity and quality of achievement. The weekly participation pattern shows that the frequent breaks seemed to have affected participation as well.
At the community level, 15 students and their peers' interactions were investigated based on notes read and notes built on by students. The total number of notes read far exceeded the total number of notes built on by almost 9 times. Participants could have found reading of notes to be more comfortable than writing notes. With the exception of three students who did not read a single note, all the others have read notes written by others. Four-fifths of the students have built on less than 4 notes in the whole discussion. Discussion through building on of notes seemed to be sustained by the remaining one-fifth of the students in the class. This has certainly reduced the rigour of interaction in the online discussion and could have an adverse effect on the learning outcome. A lack of facilitation skill on the part of the teacher could have resulted in the limited interaction among the students. Perhaps the teacher needed to be more reflective about the new learning environment, monitoring his own teaching in terms of where and in what manner he could increase the level of student interaction (Johnson, 2007; Quek, 2009) . Alternatively, the facilitators needed to determine how interaction rules could be reinforced in the computer-mediated D&T learning environment.
Findings from this study have shown that technology mediation in the form of asynchronous discussion tool has supported student' interactions with their peers. Pedagogically, this is one of the forms of student centred learning that is worthy for curriculum designers to consider alternative pathway for more diversity of student centred learning in D&T as compared to the traditional pedagogical approach of using 'paper and pencil' in D&T teaching and learning. Although students' brainstormed ideas have been evident in the 'built on' and 'read by' stages of D&T learning, there are issues to be addressed in terms of student participation and peers' interactions.
For a big group size such as 15 in this study, close monitoring by the teacher-facilitator would be crucial in order to prevent or reduce the likelihood of participation inequality. In retrospect, the group size in the discussion could be reduced to increase member accountability within each group so that each member has the opportunity to contribute to group processes and knowledge construction in the group. Equality and increase in participation in a well-designed and facilitated online learning environment would help to enhance discussion leading to more effective interaction in terms of both reading and building on notes. The optimal group size of students involved in the asynchronous online discussion in D&T could be explored as a follow up study. Future studies should look also into the depth of interaction, perhaps to analyse the degree of coherence and convergence as well as the construction of knowledge by the students. This may also be dependant on facilitator skills (Chai & Khine, 2006; McPherson & Nunes, 2008) , which need to be further developed.
